Results: Overall, 5,065 patients initiated LABD-based therapy (Cohort 1), and 501 escalated to triple therapy (Cohort 2). In Cohort 1, 7.0% of patients were continuous users, 46.5% discontinued permanently, 28.5% discontinued temporarily, 2.8% augmented (added LAMA and/or LABA and/or ICS), and 15.2% switched therapy. In Cohort 2, 18.2% of patients were continuous users, 7.2% discontinued permanently, 27.9% discontinued temporarily, and 46.7% switched therapy. Exploratory analyses showed that time since COPD diagnosis was first recorded, preindex exacerbation events, and concomitant medical conditions were potential drivers of initial maintenance treatment choices. Conclusion: Discontinuation among new initiators of LABD-based therapy was high in France, whereas few switched or augmented treatment. In comparison, permanent discontinuation within 18 months was low in patients escalating to triple therapy.
Bernard aguilaniu 6 afisi s Ismaila 7, 8 (ranked fourth to 20th depending on the sociodemographic index), 2 and the World Health Organization estimates that it will become the third leading cause of death worldwide in 2030. 3 This high epidemiological and economic burden was also observed in a study of medico-administrative databases in France. 4 Currently, the most commonly used maintenance medications for COPD include bronchodilators (eg, long-acting β 2 -agonist [LABA] and long-acting muscarinic antagonist [LAMA] , alone or in combination) and inhaled corticosteroid (ICS; used in combination with a LABA, or a LAMA and a LABA [triple therapy]). 1 Studies have shown that LAMA/ LABA combinations provide added benefits in terms of improved lung function, health status, and health-related quality of life (HRQoL), and reduce exacerbation rates vs monotherapy components. [5] [6] [7] [8] [9] [10] [11] [12] Additional studies have shown that triple therapy in multiple and single inhalers provides further benefits (improved lung function, HRQoL and patient-reported outcomes, and reduced morbidity, mortality, and exacerbation rates) vs ICS/LABA combination therapy and LAMA monotherapy. [13] [14] [15] [16] [17] [18] [19] [20] [21] The Société de Pneumologie de Langue Francaise (SPLF) 2009 French COPD treatment guidelines recommended treatment regimens based on disease severity as measured by lung function (FEV 1 and FEV 1 / FVC ratio). 22 Mono-or dual-bronchodilator therapy with LAMA and/or LABA was recommended for patients with moderate COPD, and combination treatment with LABA + ICS was recommended for patients with severe or very severe COPD (post-bronchodilator FEV 1 ,50% predicted [,60% for salmeterol + fluticasone propionate]) who have a history of exacerbations and remain symptomatic despite treatment with a long-acting bronchodilator (LABD). The most recently published SPLF guidelines (2016) recommend initial monotherapy with LAMA or LABA, and escalation to LAMA + LABA, LABA + ICS, or triple therapy for patients who experience additional symptoms or exacerbations. 23 With multiple classes of drugs now available for the pharmacological treatment of COPD in France, the treatment armamentarium available to clinicians has expanded; however, these options have reintroduced instability and uncertainty regarding treatment pathways in COPD. For example, a recently published retrospective cohort study set within UK primary care showed differential patterns of escalation and switch, with multiple pathways for escalating to triple therapy. 24 This study aimed to identify the treatment pathways followed by two specific groups of patients in France: patients who are prescribed a maintenance therapy for the first time by their general practitioner (GP), for example, initiators of LABD-based treatment (LAMA, LABA, LAMA + LABA, LAMA + ICS, LABA + ICS, or triple therapy [LAMA + LABA + ICS]), and patients with greater disease severity who are escalating to triple therapy (with multiple inhalers). Specifically, the study describes the types of initial maintenance therapy prescribed, and the first treatment modification in the 18 months following either initiation of LABD-based maintenance therapy or escalation to triple therapy. The study also assessed potential drivers of choice of initial COPD maintenance therapy in exploratory analyses. December 31, 2013 ; the index date in this cohort was the date of the first maintenance treatment prescription ( Figure 1 ). New use of a maintenance treatment in the context of this study was defined as not having had a GP prescription for any maintenance treatments during the 18-month pre-index period. Cohort 2 comprised patients with COPD already on maintenance treatment (LAMA, LABA, LAMA + LABA, LAMA + ICS, or LABA + ICS) and escalating to triple therapy (LAMA + LABA + ICS) from January 1, 2008 to December 31, 2013 ; the index date in this cohort was the date of triple therapy initiation (ie, the date of the first prescription that contained all three components of triple therapy; Figure 1 ). For the dual therapies (LAMA + LABA, LAMA + ICS, and LABA + ICS), both fixed-dose and multiple-inhaler combinations were considered. Singleinhaler triple therapy was not available in France at the time of the study, so only multiple-inhaler triple therapies were included in this analysis. The study included an 18-month pre-index baseline period and an 18-month post-index observational period (Figure 1 ). Because information on death and transfer out of the GP practice was unavailable, the earliest 
Methods

study design
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COPD treatment pathways in France and latest recorded events of any type in the database (for a particular patient) were considered the start of availability of pre-index baseline data and end of availability of post-index observational data, respectively.
This study was designed, implemented, and reported in accordance with the Guidelines for Good Pharmacoepidemiology Practices of the International Society for Pharmacoepidemiology, 25 the Strengthening the Reporting of Observational Studies in Epidemiology guidelines, 26 and with the ethical principles laid down in the Declaration of Helsinki. The study involved no interventions or treatment, and no identifiable patient data were collected; therefore, neither informed patient consent nor institutional review board/ethics committee approval was required. This was a retrospective database analysis using existing data. Personal identifiers were not required, and personally identifiable information was removed by the database provider prior to receipt by the study team.
Patient eligibility and subgroups
Eligible patients were adults $40 years of age on the date of indexing, with evidence of a clinical diagnosis of COPD according to the International Classification of Disease, 10th edition (ICD-10) prior to or including the index date (ICD-10 codes J41.x, J42, J43.x, J44.x), with at least 18 months of pre-index and post-index data available.
Patients with a diagnosis of asthma or a respiratory disease potentially incompatible with COPD diagnosis in the pre-or post-index period (eg, conditions that are related to lung or bronchial developmental anomalies, degenerative processes [cystic fibrosis, pulmonary fibrosis], bronchiectasis, pulmonary resection, or other significant respiratory disorders other than COPD; 
Treatment modification outcomes
Five mutually exclusive treatment modification outcomes were defined based on first treatment change (at class level) within the 18-month post-index observational period: continuous users (no modification); permanent discontinuers; temporary discontinuers (ie, with drug hiatus); augmenters (in Cohort 1 [patients initiating maintenance treatment] only); and switchers. Discontinuation, whether temporary or permanent, was defined based on a break of $91 days between prescription issue dates; date of discontinuation was therefore the date of the last prescription before the discontinuation plus 30 days. Permanent discontinuers were classified as patients who met the discontinuation definition and who did not receive any further prescriptions for LABA, LAMA, ICS, or any combination of these treatments during the post-index observational period. Patients who met the discontinuation definition, but later received further prescriptions for their index therapy (or another therapy in the same class) were classified as temporary discontinuers (ie, with a drug hiatus). Patients who initiated a new class of therapy during the postindex observational period were classified as "switchers" if there was no, or minimal (#30 days), overlap between the index and new therapies, and "augmenters" if there was continued overlap (.30 days) between the index and new therapies. 
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Meeraus et al statistical analyses
Patient demographics (age, gender, body mass index), comorbidities, and COPD disease characteristics (including symptoms and exacerbations) at baseline, including health care resource utilization (HCRU) in the 12 months prior to and including the index date, were analyzed descriptively and described separately for patients initiating maintenance treatment (Cohort 1) and those escalating to triple therapy (Cohort 2). Baseline characteristics were further stratified by the class of therapy initiated for patients in Cohort 1. In addition, the maintenance therapy class prescribed immediately prior to escalation to triple therapy was described for patients in Cohort 2.
Exacerbations in the pre-index period were identified conservatively based on a prescription for oral/systemic corticosteroids issued on the same day as an antibiotic prescription, or a prescription for oral/systemic corticosteroids or antibiotics issued on the same day as a physician visit with a COPD exacerbation ICD-10 code (J44.0 or J44.1). Only primary care prescriptions issued by GPs and recorded in the database were used to identify exacerbations. Per-patient costs were derived for GP visits (all-cause and COPD-related) and primary care prescriptions for COPD treatments (Supplementary materials) for the 12 months prior to and including the index date.
The first treatment modification (including no modification) occurring during the 18-month post-index observational period was identified for each patient, with the number and proportion of patients experiencing one of the prespecified treatment modifications reported by the cohort, and stratified by index class for patients initiating maintenance treatment (Cohort 1). For patients in both cohorts (initiating maintenance treatment or escalating to triple therapy) who had a switch or augmentation as their first treatment modification, the resulting treatment class after switching/augmenting was described. The mean (SD) and median (interquartile range [IQR]) time to first treatment modification was assessed for each cohort and for each prespecified treatment modification.
In an exploratory analysis of data for patients initiating maintenance treatment (Cohort 1), we used a segmentation analysis to assess whether specific demographics and clinical characteristics were potential drivers of the choice of initial maintenance therapy. For this segmentation analysis, multiple correspondence analysis (MCA) was performed, followed by hierarchical cluster analysis (HCA) using the Elbow method to identify the optimal number of clusters. 27 MCA is a technique used to detect and represent underlying structures in a dataset containing nominal categorical data, whereas HCA is a method used to build the hierarchy of clusters. The final step of the segmentation analysis was to test the statistical association of each variable to its assigned cluster. The variables considered in the segmentation analysis included gender (male/female), age (,50, $50 to ,60, $60 to ,70, $70 years), vascular comorbidities (ICD-10 codes: I61, I63, I70, I73, I74, I77; yes/no), time interval between the first recorded ICD-10 code for COPD and the index date (0-500/.500 days), record of a blood eosinophils test (yes/no), ischemic and/or cardiac comorbidities (ICD-10 codes: I20, I21, I23, I24, I25, I50; yes/no), exacerbation history in the prior 18 months (0, 1, $2), record of a blood neutrophils test (yes/no), and presence of symptoms (yes/no). Presence of symptoms was defined as abnormal sputum (ICD-10 code: R09. A further exploratory analysis of initial maintenance treatment choice used logistic regression models to assess factors associated with the prescription of one COPD therapy over another, in particular LABA vs LAMA, LABA + ICS vs LAMA, and triple therapy vs dual therapy (ie, LAMA + LABA, LAMA + ICS, or LABA + ICS). Potential factors included in these models as covariates were abnormal sputum (yes/no), age, atopy (yes/no), cardiovascular comorbidities (yes/no), cough (yes/no), time interval between the first recorded ICD-10 code for COPD and the index date (years), fatigue (yes/no), diabetes (identified using free text research; yes/no), gastroesophageal reflux disease (GERD [ICD-10 code: K21]; yes/no), gender, ischemic and/or cardiac comorbidities (yes/no), exacerbation history (count in the prior 18 months), shortness of breath (yes/no), and wheezing (yes/no). Selection of covariates was prespecified and based on the literature, clinical knowledge, advice from a French respiratory clinician, and availability of variables with the database. For each covariate, the OR, P-value, and 95% CI were reported.
All statistical analyses were performed using SAS ® 9.2 software or a later version (SAS Institute Inc, Cary, NC, USA) via SAS Enterprise Guide version 6.1. Table 1 . Overall, compared with patients initiating maintenance treatment (Cohort 1), patients escalating to triple therapy (Cohort 2) tended to be older, with a longer time between the first recorded ICD-10 code for COPD and index date and a higher number of both all-cause and COPD-related GP visits in the 12 months prior to and including the index date (Table 1) .
Results
Participants
Treatment pathways for patients initiating maintenance treatment (Cohort 1)
In Cohort 1, LABA + ICS was the most commonly initiated therapy (n=2,196, 43.4%) followed by LAMA alone (n=1,494, 29.5%). Triple therapy was an initial maintenance therapy in 415 (8.2%) patients while LAMA + LABA and LAMA + ICS were the least common therapy classes initiated (n=123, 2.4% and n=81, 1.6%, respectively) ( Table 1) . Overall, 7.0% of patients initiating maintenance treatment were continuous users for the full 18-month post-index observational period. LAMA + LABA initiators had the highest proportion of continuous use (15.4%), while the proportion was lowest for LABA + ICS therapy (3.9%) (Figure 3 ). Nearly half (46.5%) of the patients initiating maintenance treatment had a permanent discontinuation, meaning they had no further maintenance therapy prescriptions from their GP for the remainder of the post-index observational period, with a mean (SD) time to discontinuation of 9.5 (11.2) weeks (median [IQR]: 4.3 [4.3-11.1] weeks). Permanent discontinuation was lowest in patients initiated on LAMA + LABA dual-bronchodilator therapy with or without ICS (27.5% and 23.6%, respectively; Figure 3 ). The proportion of patients discontinuing temporarily (ie, with drug hiatus) was 28.5% overall, ranging from 18.5% (LAMA + ICS) to 35.8% (LAMA + LABA); these patients discontinued treatment after a mean (SD) of 12. 
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Overall, 2.8% of patients initiating maintenance treatment augmented their LABD-based therapy with a similar proportion augmenting from LAMA to triple therapy (55.4%) and from LABA to LABA + ICS (56.0%). The proportion of patients switching to another class of therapy was also low (15.2% overall) with switching highest for LAMA + ICS, triple therapy, and LAMA + LABA (Figure 3 ). Of the patients switching therapy, those initiating on triple therapy mostly switched to LAMA or LABA + ICS, while those initiating on LAMA + LABA therapy mostly switched to either LABA, LAMA, or LABA + ICS (Figure 4 ).
Potential drivers of choice of treatment initiated in patients initiating maintenance treatment (Cohort 1)
The factors identified in the segmentation analysis as being potentially associated with the choice of initial maintenance treatment are presented in Table S2 . The HCA defined four clusters: cluster 1 included LAMA + LABA, cluster 2 included LAMA and LABA, cluster 3 included LAMA + ICS and triple therapy, and cluster 4 included LABA + ICS ( Figure 5 ). Initiation of LABA and LAMA (independently) was associated with an interval of 0 days between the first recorded COPD ICD-10 code and the index date, a test for eosinophils or for neutrophils having been performed, age of ,50 or $50 to ,60 years, and the presence of vascular comorbidities. Initiation of LABA + LAMA was associated with male gender and a lack of exacerbations. Initiation of LAMA + LABA + ICS and LAMA + ICS (independently) was associated with a time between the first recorded COPD ICD-10 code and the index date of 0-500 days, the presence of ischemic and cardiac comorbidities, and age $70 years. Initiation of LABA + ICS was associated with female gender and a history of $1 moderate exacerbation, an interval of $500 days between the first recorded COPD ICD-10 code and the index date, and the presence of COPD symptoms. In the series of logistic regression models, the presence of diabetes or shortness of breath increased the odds of initiating LABA over LAMA, whereas the presence of abnormal sputum or ischemic and/or cardiac comorbidities decreased the odds of initiating LABA over LAMA (Table S3) . When comparing initiation of LABA + ICS vs LAMA, GERD was associated with initiation of LAMA over LABA + ICS, whereas older age, longer interval between the first recorded COPD ICD-10 code and the index date, cough, female gender, and increase in number of exacerbations in the pre-index period were associated with initiation of LABA + ICS over LAMA as some patients had missing data, analyses were performed using available data only. 
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Meeraus et al (Table S3 ). The factors associated with the initiation of triple therapy over any dual therapy (LAMA + LABA, LAMA + ICS, or LABA + ICS) were cough, fatigue, female gender, and longer time interval between first recorded COPD ICD-10 code and the index date. Presence of abnormal sputum, ischemic and/or cardiac comorbidities, and shortness of breath were associated with initiation of dual therapy over triple therapy (Table S3 ). 
Discussion
We evaluated COPD treatment patterns in two cohorts of patients in the French general practice setting: those who initiated LABD-based therapy and those who escalated to triple therapy. Among patients initiating maintenance treatment for COPD, LABA + ICS was the most commonly initiated LABD-based therapy, prescribed to over 40% of patients, followed by LAMA and LABA monotherapies which were prescribed to ~30% and 15% of patients, respectively. Less than 10% of patients were prescribed triple therapy or LAMA + LABA as their initial maintenance therapy. Given that patients were indexed prior to the launch of fixed-dose combination LAMA/LABA therapy, the low level of LAMA + LABA initiation was not unexpected. It is also interesting to note that a small proportion of patients (,2%) initiated LAMA + ICS combination therapy, which is not currently recommended for the treatment of COPD in France. These treatment pattern data show that very few patients new to maintenance therapy continuously use their initially prescribed medication over time, and the median time to discontinuation of 4.3 weeks suggests that many patients receive only a single prescription. We also observed that permanent treatment discontinuation in the cohort of patients initiating maintenance treatment (Cohort 1) was high, observed in 
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Meeraus et al almost half of the patients, and that switching to another class of COPD therapy or augmentation of the initial regimen was not common, leaving a large proportion of patients without maintenance therapy after the initial prescription. Previous studies have also shown low persistence to COPD treatments, ranging from 19% to 37% over 1 year and from 14% to 25% over 2 years. [28] [29] [30] [31] [32] However, comparison is difficult owing to differences in COPD populations and health care settings. We did note that ~30% of our study population resumed their initial LABD-based therapy after a gap of at least 91 days (temporary discontinuers [ie, with drug hiatus]) possibly indicating that symptom control was insufficient without the use of long-acting medications or may be related to seasonal or infrequent symptoms. In contrast, among the cohort that escalated to a triple therapy, permanent discontinuation within the 18-month post-index period was much lower (,10% of patients), which may reflect their more frequent interaction with their GPs. We did observe switching therapy in this cohort however, with nearly half of the patients deescalating to a monotherapy or dual therapy (mostly ICS + LABA or LAMA), suggesting that physicians may be using triple therapy as a temporary or occasional treatment choice to manage symptoms or exacerbations. Low patient adherence to maintenance therapy has been associated with poor health outcomes in patients with COPD, including worsening of symptoms, increased risk of exacerbations and hospitalization, and higher mortality rates. [33] [34] [35] Although we did not capture reasons for treatment discontinuation in this study, there may be some patients who would be at risk of their disease worsening because of discontinuation of prescription by their GP. However, it is possible that patients who were classified as permanent or temporary discontinuers received further treatment from a specialist, an event that would not be captured in our study using a GP database.
Previous studies have shown that COPD treatment is not always prescribed according to recommendations, possibly reflecting the complexity of COPD management and/or a misunderstanding of the recommendations. [36] [37] [38] [39] For example, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) report recommends that treatment initiation and escalation should be driven by patients' exacerbation history and the presence of symptoms, such as dyspnea. 1 However, our exploratory analyses observed that these factors did not appear to consistently drive treatment choice; instead, other variables including age and comorbidities seemed to guide prescriptions for COPD medications more often. This finding suggests that the assessment of dyspnea, a cardinal symptom of COPD, may not be well integrated into daily practice, perhaps owing to the difficulty for GPs to clinically appreciate this primary indicator. Other observational studies identified comorbid asthma, high exacerbation rates, airflow obstruction, and comorbidities as determinants of initial maintenance therapy, 40 whereas a retrospective database study in UK primary care reported only a minor role of exacerbations in treatment modifications (switching or augmenting maintenance therapy). 24 In addition, ~50% of patients who started an initial maintenance treatment with LABD therapy in our study did so in combination with ICS. This finding, in a population of patients with "pure" COPD (with patients identified by ICD-10 codes and exclusion of patients with asthma and other diagnoses incompatible with a COPD diagnosis), indicates a lack of physician adherence to the GOLD report and national guidelines, which recommend that use of ICS in combination with bronchodilators should be limited to patients with repeated exacerbations, or after failure of treatment with LABD monotherapy. 1, 23 Overall, the observations from the current study indicate an opportunity for improving physician concordance to guidelines, which has also been observed in other studies, including the realworld COLIBRI-COPD cohort study in France. [36] [37] [38] [39] 41, 42 These findings may be of value to GPs in understanding how their prescribing patterns measure up to the official guidelines and may improve awareness of the current recommendations. It is also important to note that the introduction of new therapies, such as single-inhaler dual and triple therapies, may change guidelines and treatment patterns going forward, and updated guidelines may provide a better indication of which medications are appropriate for which patient types. Together, these findings suggest a need for better education about COPD and treatment guidelines for GPs. 39, 41 For patients in Cohort 2 who escalated to triple therapy at index, and then switched from triple therapy to dual therapy or monotherapy (de-escalation) in the 18-month post-index observational period, the consequences, in terms of symptoms and exacerbations, are uncertain owing to the limited evidence investigating de-escalation strategies. 1 Based on the evidence from the DACCORD study, 43, 44 de-escalation from triple therapy is likely not to have negatively impacted disease outcomes in these patients at low risk of exacerbation. The baseline demographic characteristics of the patients who escalated to triple therapy at index also provided interesting insights. Compared with patients initiating maintenance COPD therapy, these patients were on average older and were more likely to experience symptoms such as shortness of breath, cough, and abnormal sputum. They also had a greater number of both all-cause and COPD-related GP visits, 
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COPD treatment pathways in France which is likely to be related to the increased disease severity and/or comorbidities in this patient subgroup. Greater disease severity has been shown to be associated with increased persistence to therapy in COPD, which could explain the low levels of discontinuation in the cohort of patients who escalated to triple therapy at index.
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Limitations
As with all observational studies, our study has limitations and should be interpreted with these in mind. First, the IQVIA Longitudinal Patient Database captures only prescriptions issued by a GP. Therefore, the analysis only partially captured treatment pathways and estimates of discontinuation may therefore be artificially high, as subsequent prescriptions issued by specialists outside of primary care would not be captured. Conversely, because the database contains no information as to whether a prescription was redeemed, our estimates of continuous prescribing may overestimate true use. Similarly, we may not have identified true initiation or true treatment escalation if these occurred outside of primary care. This is a particularly significant limitation as a recently published study conducted using a French claims database and with similar inclusion criteria to the study presented here found that 36.7% of patients with COPD consulted with a specialist or were seen by a hospital practitioner during the year of follow-up. 45 Second, the database does not include spirometry information. FEV 1 was measured in only 1.1% of patients, meaning that patients could not be classified by GOLD stage, which would have helped to understand disease severity of patients at baseline and perhaps would have provided additional insight to explore further the rationale for treatment choice. Had these data been available, it would be of interest to formally assess adherence to GOLD and national guidelines that were in place at the time of study (ie, pre-2017 GOLD when FEV 1 was recommended as a guide for treatment decision). In addition, the lack of spirometry data in this study means that we are unable to confirm whether the patients had spirometry-confirmed COPD; however, diagnoses of COPD based on ICD codes as used here have been shown to have generally good specificity, sensitivity, and positive predictive value for diagnoses of COPD based on clinical evidence in real-world studies (even in the absence of criteria excluding patients under a certain age or those with diagnoses of asthma or other diseases incompatible with COPD). [46] [47] [48] Third, no published studies have evaluated the extent to which the physicians included in the IQVIA Longitudinal Patient Database are representative of the French physician population; it is possible that physicians who willingly participate in the panel differ from the general physician population. Finally, the exploratory analyses could account only for observed factors and were based on possibly incomplete information on exacerbations, symptoms, comorbidities, and disease burden. In particular, in this analysis, exacerbations were identified using primary care-based prescriptions and therefore exacerbations treated outside of primary care were not captured, including more severe exacerbations that required emergency department visit or hospitalization. In addition, unreported exacerbations would not be captured. Therefore, exacerbations may have been underestimated and could have been more prominent treatment drivers than what is observed here.
Conclusion
Study findings highlight high discontinuation rates, including extended hiatus periods in treatment cover, among initiators of LABD-based therapy, with much lower discontinuation rates in patients escalating to triple therapy. Exploratory analyses identified that exacerbations and symptoms appeared not to be consistent drivers of the choice of initial therapy and other parameters also played a significant role. This analysis of prescribing patterns revealed a diversity of treatment options and treatment patterns in France and indicates that COPD management choices do not always seem to follow GOLD or national recommendations, particularly regarding how exacerbation history and symptoms should guide treatment choice, as well as the use of ICS in combination with LABDs as initial maintenance therapy.
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